Over the past several years, two schools of thought as to the nature of effective antiSalmonella resistance have arisen. Mackaness and colleagues (14) (15) (16) have maintained that resistance is a property inherent in the cellular elements of the immune host and is independent of mediation by serum-associated antibody. In support of his argument, Blanden (3) demonstrated an enhanced bactericidal activity of cells from animals immunized with living S. enteritidis against homologous bacilli. Similarly, Collins (5, 6) , Milne and Collins (17) , and Collins and Milne (7) showed that an effective humoral response to various components of pathogenic S. enteritidis can be obtained without concomitant development of resistance to challenge infection. This work, coupled with the well defined in vitro studies of Mitsuhashi et al. (18) and Saito and Mitsuhashi (23) , indicates that effective antiSalmonella resistance is primarily cellular in nature.
In contrast, Rowley et al. (22) and Jenkin and Rowley (10) suggested that humoral antibody against specific components of the bacterial cell plays an integral role in total infection resistance to parasitism by members of the genus Salmonella. Kenny and Herzberg (12) and Badakhsh and Herzberg (1) gave support to this thesis by demonstrating a bactericidal effect of serum from animals immunized with whole cell vaccines of S. typhimurium both in vitro and in vivo. Similarly, Blanden et al. (4) have shown that serum opsonins diminish the pathogenicity of virulent S. enteritidis subsequent to intraperitoneal (ip) challenge. From these data, it would appear that humoral antibody plays an important part in resistance to salmonellosis.
Proof of either the cellular or humoral nature of effective anti-Salmonella immunity depends on selectively inducing one response without the development ofthe other. In the past, vaccine preparations composed of attenuated salmonellae or heat-killed or chemically altered bacterial suspensions have been employed to stimulate the immune response. These preparations are known to induce either a cellular or humoral immunity or both (1, 14, 16, 17, 18) . To our knowledge, however, the ability to induce a specific cellular response without the development of antibody has not been demonstrated.
Recently, we reported that subcellular ribosomal and ribonucleic acid (RNA) fractions obtained from S. typhimurium induce an immunity in mice comparable to that obtained after immunization with an attenuated strain of the virulent organism (25, 26 extraneous material on a dry weight basis. In contrast, the dry weight of the RNA preparations was composed of approximately 98% RNA, 1.5% defined carbohydrate, less than 0.1% protein, and no detectable deoxyribonucleic acid (DNA). The chemical analyses used in determining these concentrations were the same as those described previously (25, 26) .
Immunizations. Animals were injected subcutaneously with one of the respective preparations contained in 0.1 ml of the appropriate diluent. No adjuvant was used. Mice receiving S. typhimurium strain RIA were immunized with 0.1 LD50. Heat-killed, ribosomal, and RNA preparations were injected in 20-,ug quantities unless otherwise specified.
Collection of serum. Fifteen or 30 days after immunization, 60 mice from each group of immunized animals were exsanguinated. The pooled blood samples were permitted to clot at 37 C for 30 min and were then refrigerated overnight at 4 C. The serum was concentrated twofold by pervaporation and centrifuged at 45,000 X g for 10 min in a Sorvall refrigerated centrifuge to remove cellular debris and possible bacterial contamination. Subsequent plating of 1.0 ml of each sample on BHI agar did not reveal viable bacteria.
Immune assay. The immune assay employed for the detection of resistance was the ability of the challenged animal to inhibit or retard bacterial proliferation (5 days subsequent to infection) following the basic procedure of Berry (2) . Challenged animals were individually sacrificed by cervical dislocation and skinned, their feet and tails were removed, and the gastrointestinal tract was excised. The weight of the carcass was determined, and sterilized, distilled water was added to the carcass to yield a total volume of 100 ml. The suspension was homogenized for 3 min in a Waring Blendor, and 10-fold serial dilutions of the homogenate were prepared in sterile, isotonic saline and plated in 0.1-ml quantities on Salmonella-Shigella agar. Subsequent to incubation at 37 C for 24 hr, the number of viable bacteria in each dilution was determined and the number of bacteria per milliliter of the original homogenate (a 10 dilution of the mouse carcass) was calculated. Statistical significance of differences between values obtained for the treated and untreated groups was determined by rank order evaluation (27) .
RESULTS
Challenge dependency of resistance. Venneman and Bigley (25) and others (9, 11) have failed to detect an increase in survival of mice after immunization with heat-killed Salmonella and challenge with large doses of virulent organisms. As measured by the suppression of bacterial growth, however, the effectiveness of a heat-killed vaccine, compared to that of a living attenuated one or the immunogenic ribosomal or RNA preparations, depended upon the size of the challenge inocula (Fig. 1) . Against a 100-LD50 challenge dose, immunization with 20 ,ug of heat-killed bacteria failed to confer demonstrable resistance, whereas immunization with 0.1 LD50 of the attenuated bacilli or 20 ,ug of the ribosomal or 20 ,ug of the RNA fractions resulted in the inhibition or retardation of bacterial growth. By contrast, the growth of lower challenge inocula (45 or 15 LD5o) was effectively controlled by mice immunized with any one of the vaccines. This was manifested as a 100-to 1,000-fold difference in mean log1o bacterial numbers per gram of tissue between infected treated animals and controls. Because resistance induced with heat-killed bacteria was evident only after challenge with a small inoculum, 20 to 70 LD50 were employed in subsequent experiments.
Resistance in mice used as serum donors. At the time of animal sacrifice and the collection of serum, representative numbers from each group of immunized animals were challenged with 40 LD50 of virulent SR-il. As shown in Fig. 2 serum from RNA-immunized donors was not effective in conferring resistance on normal recipients. Similarly, serum administered sc to recipient mice had no effect on multiplication of the challenge organism, regardless of the origin of the serum.
Effect of dose on passive transfer of resistance with immune serum. Employing the ip route of serum transfer, groups of untreated normal mice were injected with 0.1 or with 0.05 ml of pooled sera from the variously immunized donors. They were challenged 7 days later with 52 LD50 of virulent SR-1l (Fig. 4) . One-tenth milliliter of serum obtained from mice immunized with attenuated S. typhimuriun heat-killed bacterial cells or ribosomal preparations was capable of conferring resistance on the recipients, as demonstrated by the presence of significantly fewer bacteria. Transfer of 0.05 ml of the same sera, however, was ineffective in permitting recipients to control bacterial growth. Again, serum from RNA-immunized donors was without effect.
Duration of serum-transfefred resistance. On the premise that the lack of effectiveness of serum obtained from RNA-immunized donor was due to the time when animals were challenged, representative numbers from each group of serum recipients (given 0.1 ml ip) were challenged at 5, 10, or 15 days post-transfer with between 40 and 50 LD5o of virulent SR-1I (Fig. 5) . A suppression contrast, 0.2 ml of serum from animals immunized with 0.1 LD50 of attenuated S. typhimurium effectively conferred passive protection. DISCUSSION The techniques employed for evaluating effective anti-Salmonella resistance have been a subject of controversy over the past several years (1, 5, 6) . Differentiation between the ability of infected animals to survive a challenge dose of organisms because of resistance that develops in response to infection and the ability of infected animals to eliminate the pathogen from tissues because of a resistance present at the time of challenge are the issues at stake. In this investigation, differential pathogen counts 5 days post-challenge were employed to determine the level of immunity. Although this technique determines whether the treated animal can suppress the in vivo multiplication of the pathogen, a significant difference in bacterial numbers per gram of tissue does not mean that the treated animal may eventually survive. Consequently, the effectiveness of active or passive immunity as judged by this method, at various times subsequent to challenge, reflects the ability of the treated animal either to inhibit or to retard bacterial proliferation. When these results are compared with those based on either survival or elimination, or both, of challenge organisms from tissues, Venneman and Begley (25) , Venneman, Begley, and Berry (26) , and others (1, 5, 8, 20) have found differential counts to be a dependable assay for immunity. Thus, the numberof microorganisms (challenge) in mice immunized with the strain RIA ribosomal or RNA fractions was either less than or approximately equal to the number of bacteria per gram of tissue introduced in the challenge inocula (cf., Fig. 1 and Fig. 2) . By this criterion, no net growth resulted even though salmonellae are known to proliferate in the peritoneal cavity of mice (4) .
In contrast to the active immunity induced by vaccination with an attenuated organism or with the subcellular preparations, immunization with 20 ,ug (dry weight) of heat-killed S. typhimurium engendered an immunity which was detectable only by infection with a small inoculum of virulent organisms ( < 100 LD5o). Although the reason for this challenge dependency is unknown, it is possible that the immunity induced by killed cells is qualitatively different from that elicited by the other preparations. This interpretation is fully supported by the work of other investigators (4, 8, 9) , who have shown that heat-killed or chemically altered vaccines induce humoral antibody effectiveness of heat-killed vaccines, as measured by the survival, depends on the opsonic effect of antibody produced. Because of these opsonins, multiplication of a challenge inoculum is retarded and the time of death of the animals is significantly delayed. Because the assay employed in this investigation detects a retardation in bacterial growth and the serum from donors immunized with heat-killed bacteria was found to confer resistance on normal recipients, the primary efficacy of the vaccines employed in these experiments would appear to depend on opsonins rather than on a cellular type of immunity.
The effectiveness of serum in transferring immunity seemed to depend on route of administration and time post-transfer when recipients were challenged. Badakhsh and Herzberg (1) and Kenney and Herzberg (12) have reported that immunization with attenuated salmonellae or with a nontoxic cell wall preparation of S. typhimurium resulted in the development of a bactericidal antibody that was effective in vitro and in vivo against homologous organisms. It has also been demonstrated (4) that sera from mice immunized with heat-killed or attenuated salmonellae effectively suppressed the in vivo growth of preopsonized pathogens administered ip. An intravenous injection of similarly treated bacteria was not followed by any suppression of growth of the organism in vivo. These data suggest that antibody directed towards the cell wall is necessary for the suppression of bacterial growth by immune serum. If this is true, the inhibition of growth of the challenge inocula observed in the experiments described in this report depended on the presence of either opsonic or bactericidal antibody stimulated by the presence of antigenic cell wall material in the vaccine. An antigenic material of this type is known to be present in all preparations that yield a serum effective in passively conferring resistance (1, 4, 12, 25) . Similarly, the effect observed when only 0.05 ml of serum was administered and the relatively brief duration of passive immunity suggest that our results were dependent on the presence of specific antibody.
The inability of serum from animals immunized with the highly immunogenic RNA preparations passively to transfer immunity suggests that no opsonin or bactericidal activity was present. Such a conclusion depends, of course, on the sensitivity of the assay and applies only to the experiments that were done. Cells from animals similarly vaccinated have been found passively to confer immunity as judged by the same type of assay. The details will be presented in the subsequent communication (24) .
Similarly, using the basic formula (19) for determining the generation time of a bacterial population and assuming both an average challenge inoculum of 50 LD50 per 13-g carcass and a terminal average mean of 106 bacteria per gram of tissue in normal mice (c.f. Fig. 1 These results coupled with the data presented in the subsequent communication lend strong support to the concept that effective anti-Salmonella resistance resides in the cells of these mice.
